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1. (a) Find the first 4 terms of the binomial expansion, in ascending powers of x, of

1
8-3x)3  |< %

giving each coefficient as a simplified fraction.

“4)
(b) Use the answer from part (a) with x = % to find a rational approximation to 6
(2)
(o) Get the from the formwa. booklet:
A+ =4+ nx+ “"}t_‘:"-x" + '&3(‘“'?’)7& +..., Range of ~validity 1x1<4

We See thot the i5in fovm (04530 wenard & monipuiale ® gk (1¢ox)".

(8-3x)3 = (81 (4- 3 x5

1
T ]
-3(1 %7,3 Bl
Substitute injo the
ot it (1 () L B 1)
{ ';(1 + gt 5‘;; (q_xl) . '%“'i‘ -3 (_:_';lxz))

(b) Substifure X=2 infp Our expamsion:

1 . 2851 3} _13= s=|_
p 1(,() 614-( )+1$36 ) ST A (8:35) T‘

Hete we need (our value)' here to get 45

=,.'I—(zasi) - 518¢

S184 285

> Pay ottention 1 what Value were asked to find,

substitute the given x =... ints the pradces 4o

check whak value the approXimation will actually give you
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Question 1 continued
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2. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

The curve C, has equation
y=x'+10x>+8 xeR
The curve C, has equation
y=2x"-7 xeR

Use algebra to prove by contradiction that C, and C, do net intersect.

C))

Make an Assumption: We_and our sSumption o be thelopposite’ of what

"Assume thal (4 and G do intersect, o +hat we Qv teyingt prove.

xe10xt +8=2x%-1 has real solutions” B Inthe Proof, we ave trying ticontradich tho@sSumplion)

Try o sclue:
xe0xt 482221
xtegx+15:0 Quadrabic form
(X *+5)t+3)=0 fackorize 1o selve
qt=-5 xt=-3 MAAY

Since both solutions <0, XY 8x +15:0 hos no veal solutions .-+ Cq ond C; donot intersect.

This contradicks .our ovoumption, .. it’s proven by contvadickion +hat €4 and C; do not intersect.
M
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Question 2 continued
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Figure 1

Figure 1 shows a sketch of the curve C with parametric equations
x = 3sin’ 0 y =1+ cos20 —fgegf
2 2

(a) Show that
% = k cosect 0+0

where k is a constant to be found.

VIV SIHLNI ILISM LON Od

VENVSIHINIZLMIONOG

3)
The point P lies on C where 0 = %
(b) Find the equation of the tangent to C at P, giving your answer in the
form ax + by + ¢ = 0 where a, b and ¢ are integers.
3)
(c) Show that C has Cartesian equation
8’ =9(2-y) -¢<x<g
where ¢ is a constant to be found.
3)
MR RO 0 (mo
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= | Question 3 continued

Y= 1+cos20 x=3sin30

dy . ~28in28 4 (o)~ 8x . 3.35in%0 - cosB
de do 9618 L, . .
=15In0Cosf  choin rule: mulkiply bythe
1 devivatve of the bracket
(in Muw%mgmu
dy  -sineg use doubleangle formua Sin26=2sinBcost
dx  Ssinbcosd m -
, Asiabeos® <
Q5in®) (o5t
=_4 1
{sind $ind

- DONOTWRITEINTHISAREA =

cosec 6

=-4% coseco hen@ Shown

- DONOT WRITE IN THIS AREA
“ g
o

X'-'%s'm'l‘ll ) x=F
yriecos(3) D g

 DONOTWRITEINTHISAREA'  DONOTWRITEINTHISAREA

2 L J
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Question 3 continued
(c) Observe \5=\+cosze.\kse :
TE 1 e4-251n%0
y= 2-25in'

Keuvvcm,,z X = 36in20:
.3
‘L: sin 0
3
sine= Y% )

Subshiture $in0:... into equakion y=--
12
4:2-2(¥F) 5
q=2-2({§)3] useindex rude: (%) = 2*
- L.y
y=2-2(3)2

ye2-2(y}

‘b

Rearrarse %o Qunedzd form: 2
2(3) = 2y

t3

(l\‘((-;-)g) S a-vpz Rouse oMl to twe power of 3
K 3
8(3) = -y

8%’ =<\(1.-x,\3 hemee shoum

Domoun:
_ . 3 -“ mn - . ;_“_ i
x=3n0' 0 | F$08% éx-Ssm’(L)- 3
x =3sin (&) =3

.'.'Domm.ﬂ.: <3&xs3. 9:=3.

)|
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Question 3 continued
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(Total for Question 3 is 9 marks)
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C
Figure 2

Figure 2 shows a sketch of the curve C with equation
3% +2y* —4xy + 8 -11=0

The point P has coordinates (1, 2).

(a) Verify that P lies on C.
1)

d
(b) Find 2 in terms of x and y.

The normal to C at P crosses the x-axis at a point Q.

(c) Find the x coordinate of Q, giving your answer in the form a + bIn2 where a and b
are integers.

3)
(a) Substiture (1, 2) inko equakion for C:
2 2 1
301) +2(2)- 4UAM2) +§ -\=0 9
3+8-8+8-11=0
A9-\9:0
o tied
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Question 4 continued
() % Implicit differentiation:
When differentiating y, multiply by %

B
3¢+ 2y -4xy+ 8% - o
wéx W= 4
d"- - d“ X < H ' &
(nc-r&s,a 4q+xm+8\n8:\h R
A1

Rearvarge Yo make ‘;_'i the suoreck -

—dg R n8 = 4 _a, dy d :
6x - 4y+8™(n= 4x. -4y GMK% term on { side
-d
bx - 4y +a"ms-%‘(4x-4g\ : factor out ;%

L\

dy _ 6x -4y+8"Wn8

dx 4x-4y
(c) We need to gek the grodient of +angent uslvg our found ;; :
(1,20 dy . ¢-4)+Bln
' ix  4-40) )
Munkply by -1
- 8n8-2 "5 .8n8
-§ - —%

=\

m( ange
R S
Mnorm. 2-8ln8  8wd-2

Uee -y =mlx-x) toget the equorion of twe \ine
4,2 od Mm, - * 2 y-2:_% (x-0O
T R R <] <
We wamt the poiat it crusses the %-axis - §=0:
4
-2: -1
M0 e (xe4) Selve for X
-2(8Wn8 -2)= 4(x-1)
~lbnBt 4=4%-4
8-16wn8 = 4x
8- lon 2> =4x
xXs z-ﬂnn} we \n \aw: \,nxq= alnx
X=2-11Wm2 A)

1
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Question 4 continued
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30cm

Figure 3

Figure 3 shows a container in the shape of a hollow, inverted, right circular cone.
The height of the container is 30 cm and the radius is 12 cm, as shown in Figure 3.
The container is initially empty when water starts flowing into it.

When the height of water is 4 cm, the surface of the water has radius »cm and the
volume of water is V'em’

(a) Show that

B dzh’
75

V

[The volume V of a right circular cone with vertical height h and base radius v is

1
given by the formula V = 3 wr’h]

(2)
Given that water flows into the container at a constant rate of 2rcm’s '
(b) find, in cms™', the rate at which 7 is changing, exactly 1.5 minutes after water starts
flowing into the container.
“4)
(a) thax =12 and h:=30.Mence X=X yr=2h
W 307 5
Jubsituke s Inko Vz SR to eliwinoe v:
v=Loh ()"
z %“.2{_5.\\3
i%l\\ﬁ hence shown
AA
14
VD O D
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Question 5 continued

dv
(h) oMY 2 = A
dk
We oxe onked b (ind o}_‘}
dh . &V dh
G &
-_4'1\‘\3
=
o _ 4nh”
& 15
15
.'.i_‘;:(lﬂ) (W)

- 50% _ 50 _dy i
TS R 1 ,. now weneed h at 1.5 minutes.
?

1.5 minuken = 90 seconds.
~N=90-20 = 18071 em® V at 1.5 min.
use from part (o) the formwla to get k.

4
Sems’ rake of change of height ak tive 4.5min

(Total for Question 5 is 6 marks)
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(

6. Use the substitution # = vVx*> +1 to show that

9y’
VX' +1

where k and A4 are constants to be found and c is an arbitrary constant.

dx=2(x3+1)k(x3—A)+c

VIV SIHL NI ILISM LON Od

 WIMY SIHLNIILIMM LON OQ.

)]
~ To use the ¢ = 3-'|- to G %= . and ...
To get dx, difteventiote us (x2+1)?
du _ L ).
dx
x= L ;4 T
3x? 21
To qet Xe. .. vearronge.:
w: X3
TRER &L 2
xPaut-y
2 dx et duy =dx
( 4y’ 4 3x?
TNK3ey :
(2 0
v 311\1"-1-1;
™
TV
Mine - 6 (u'- ate.
Si ion:
. I 3.\; t L n RTPLL L I
=6 l(ﬁ}f{\%- S\ Substituke uz x4 back in
o / ]
3 L
=2 (x* )T g (kPe) e
- 2(x%e) 341} -3 wc r L)
= 'm“mll (x*-2) +c_ hence shawm A3
L
16
DR 1N OO A O aom
P76 18 9 A 1 6 3 2
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Question 6 continued
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pranll

o 1 4 x

Figure 4
Figure 4 shows a sketch of part of the curve with equation

3x -1
y = x> =2
x+2

(a) Show that

3x—15A+ B
x+2 x+2

where 4 and B are constants to be found.

The finite region R, shown shaded in Figure 4, is bounded by the curve, the line with
equation x = 4, the x-axis and the line with equation x = 1

This region is rotated through 27z radians about the x-axis to form a solid of revolution.

(b) Use the answer to part (a) and algebraic integration to find the exact volume of the
solid generated, giving your answer in the form

7[(p + q1n2)

where p and ¢ are rational constants.

(@) Equale Twmeratons of tex doiny commen densminakes on RNS:
Ix-A=A(xe)+ B
Substiyuse_vokwen: ,

X329 3(-V-1 =AC29) +B D B:=-1

=0 3 3(0)-\= Al(0+2)-}

-1=2A-3
6=2A D A=3

et o3-3 g

xR+ R+

P 7 6 1 8 9 A o 1 8 3 2
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: Substitule
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L J

Question 7 continued
(b o Vo umf voluti the x-axis:
V= nly?dx
197

\E 1\“
\x+
i
4
MA n)[( 3- ;1 dx  Replace e (rackion by what ue got in (a)
MJ 'l\( Q- 42 + 49
1

X422 (xe1)!

Al 'n"hg -42 \n(x +2) - —\q
L \

-4 t2) -1 -4 +2)-14
4t2 142

((xe) tdxs= (X"'?.\ N3

=136 - 426 - T —a +42u3 +4)
\ 3 3/
= (3 +a2u3- e2n6 ) apily e wles ino-tab <
V6 b
(3 v 4200l
A b &
"-'T\(‘z'% *4—').\51‘2.3‘) opfly \n wule. lnn": bino

= MEEEAN2)) in the vequired tovem
A
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8. Relative to a fixed origin O
» the point 4 has coordinates (-10, 5, —4)
» the point B has coordinates (—6, 4, —1)

The straight line / passes through 4 and B.

i

where p and ¢ are constants and y is a scalar parameter.

(a) Find a vector equation for /,

The line /, has equation

Given that / and /, intersect at B,

(b) find the value of p and the value of g.

The acute angle between [, and [ is 6

(c) Find the exact value of cos®

Given that the point C lies on /, such that AC is perpendicular to /,

(d) find the exact length of AC, giving your answer as a surd.

(0) We ave
o= (3)
b= 3]
jor
position vector
Where the position Vechor is any poiat on the \ine and
is a vector poroliel to the line,

A3
EAREARCI

(: fl.aq%a = -'S:_\ 3[_*\

b 4 .
Sofor 4l =[S )« vector Ung
¢ 3
A1

P 7 6 1 8 9 A o0 2 2 3 2

(2

3)

€))

2
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Question 8 continued

(b) Since pe've thok t\uz“
+3 -6

(;.q‘;\:l h { \
qrn ) U

USe x-poramokex 4o cFJc P oorB:

I+3u=-6
Sp=-9 pe-3
Now ger p ond o, sy p=-3.
p-4(-3)=4
p=-8
q+(=3)= -y
9:2
() Use
loc
use the octos:
a:f] W
- 3 3
b \ﬂ ()
T
0-b= (-;]\}ﬂ T{2t9+3=4
lof = 1 e3t =2 \-dinio ws0= r“‘r
Ibi= {35 a5 = N6 % Ve
- €080z 1%
(a 'D&qm_MZu.
7 B g
From the dioqram.
L a AU =R
sind = (A = \ABY sin®.
Use to et s’me-%-cos‘o (we qot cosd in c)!)

From () we alse know +hok |AB = ¥26.

- AD= ¥T  OT),

AR (ongenof .

~mm NN OO0 00
P 7 6 1 8 9 A 0o 2 3 3 2

: . =
;e general poiat of lp is equal o 0B ok B.
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in partial fractions.

. (a) Express
x(2x - 1) (2)

The height above ground, 4 metres, of a carriage on a fairground ride is modelled by the
differential equation

iy ih(2h —1)cos L
dt 50 10
where ¢ seconds is the time after the start of the ride.
Given that, at the start of the ride, the carriage is 2.5 m above ground,

(b) solve the differential equation to show that, according to the model,

where k 1s a constant to be found.

(6)

(c) Hence find, according to the model, the time taken for the carriage to reach its
maximum height above ground for the 3rd time.
Give your answer to the nearest second.

(Solutions relying entirely on calculator technology are not acceptable.)
(2)
(a) We arte asked to do Partial Fractions
1 =_A ,_ B
x(x-1) X 2x-1

Manipulake this ts ger common denominater
1 = AQx-N) 4+ Bx
xX(1x-1) % (2x-1)

Equate the numerotors and substitute in values in order to get A, B
1z AL =4) ¢ B
choose values to substitute in so that brackets become 0, to make yourlife easier!
%0 A= A(-A)+ B(o) o A=-{
x:% 12 A(0)*3B >B=2 W

\ o= 2 4 o0m
x (2x-1) 2%x-1 »
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Question 9 continued

() (LY .‘. hizn-1c0s ()
dk

M
h(zh -\) dh = J os(‘°)dk

dn = { cosg)de

0| __J
2h-1

sepaXake vavioble

Recognite that LHS is the P.€ wedidin (a)

M %0 (Z\x\(zu-n -\nh) zt0sin(8) +c  Infegrore bovh sides

Z

n(h-1)- \nh = 'gs'm(*{o +C

2h - x
lh(—h—) 1om(3) +c
Toqu-. ro ugp the at t=o, h=2.5:
.8) - . a0
(n %)-—};‘{(’o\n
W6 =e !

Substvuse. bock:

bo.- Uik =nd

Sdwve for ¢

) (l_hhi)- Lo () +1n06)  Make o Ao sukipck

In 2225 ) - W6 = ysin (4,

h-V\ _, ..
W (o ) 2 gsinld)

- (%
-t . e‘gsm(r.)

—_®

\.Gh
Ve (%
. N\ %
2n \=\‘6e'g 'uo)
)

' IO)

2\ \sh

Ls’m[-‘:
Zn-lene’ =y

e &
h(2-L6e* ""‘“") :q

1 5
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e -

H —_— ﬁ =
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10.

Y A

Figure 5

Figure 5 shows a sketch of the curve with parametric equations

x = 3¢ y = sint sin 2¢ nggg
The region R, shown shaded in Figure 5, is bounded by the curve and the x-axis.

(a) Show that the area of R is

2
kJ‘ tsin’t cost dt

0

where k is a constant to be found.

3)
(b) Hence, using algebraic integration, find the exact area of R, giving your answer in
the form
prtq

where p and ¢ are constants.

)
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Question 10 continued
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et 0%, :3¢% 2 d"'=t ™
a ax
wosh \ '%
oweo.= \akSint - 6t dk M9
; | use double angle foveu\o
s ‘(:sint- 25intcost - 6t dt 9102t = 2sintcost
1
=\Z§{s\n‘tcos¥d&_hgmejhm Al
[
n
2
(b) lz(ksin"ttos\: dk
)
__Multiplication .. By Pavts. ad
gv¢d¥=uu-gufdx
w:=t u'sz 1

valsin’t v’ : stk cost

ERecogn'u-co_ Yhis an o vesult of chain yule:

d (sin %)= 3sittEose
dx
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